. T-and NK/T-cell neoplasms with leukemic presentation.
There are very few reports systemically reviewing the whole spectrum of T-and NK/T-cell neoplasms with leukemic presentation in the East Asia. In a prospective study of chronic lymphoproliferative disorders in Hong Kong in an 18-month period from January 1995 to June 1996, there were a total of 34 cases of chronic lymphoproliferative disorder, estimated at 0.54 case per million populations per year, as compared to 245 new cases of acute myeloid leukemia in the same study period [8] . Of these 34 cases, the majority were B-cell neoplasms with the remaining 3 (9%) cases being T-cell leukemias including one case each of T-PLL, Sézary syndrome and T-LGLL [8] . In our recent retrospective study of 718 consecutive patients with lymphoid neoplasms in a single institution in Taiwan, the frequency of T-and NK/T-cell neoplasms with leukemic presentation was 13.1% (18 of 137 patients) [9] . Our study showed that cases with concurrent lymphoma, higher absolute leukemic cell counts, and elevated lactate dehydrogenase level carried a poorer prognosis. The survival of patients with leukemic presentation was dichotomous, with a very poor prognosis for patients with T-LBL, T-PLL, ANKL, ATLL in acute phase, and PTCL-NOS; while those with T-LGLL and ATLL in chronic phase had a favorable outcome. Table 2 summarizes the relative frequency of various T-and NK/T-cell leukemia in different countries in the East Asia [1, 4, 9] . As mentioned previously, T-and NK/T-cell neoplasms account for 15-20% of lymphomas in this region. The relative frequency of T-LBL among T-cell neoplasms is low in Taiwan and Japan at less than 10%, but it is high at 23.77% (208 of 875 cases) in Korea, which is partly due to the inclusion of all lymphoid neoplasms including Tcell acute lymphoblastic leukemia in that Korean study [4] . T-PLL is very rare in all 3 countries with a relative frequency of less than 1% among T-cell neoplasms. T-LGLL and ANKL are also rare with a frequency of less than 1% except for a higher frequency of the former in Taiwan and the latter in Korea, respectively. The higher relative frequency of T-LGLL in our series in Taiwan is probably due to a higher interest of this entity in our laboratory with confirmation of suspicious cases by T-cell receptor (TCR) gene rearrangement and/or flow cytometry immunophenotyping (aberrancy in T-cell antigen expression or clonal by flow cytometric TCR-Vβ repertoire analysis) [10] . While in other pathology laboratories, such cases might either be unrecognized or diagnosed solely by hematologists without marrow trephine biopsy and thus not being enrolled in the pathology files for lymphoma analysis. In the following sections, we will discuss each specific T-and NK/T-cell neoplasm. Columns Japan-1A and -1B are from the same reference with exclusion of ATLL cases in the column of Japan-1B. 
T Lymphoblastic Leukemia/Lymphoma (T-LBL)
T-LBL is a rare neoplasm occurring more commonly in adolescents, accounting for 1-4% among malignant lymphomas in East Asia [1, 2, 4, 5, 9] . Patients with T-LBL usually present with a very high leukemic cell count (frequently over 150,000/μL), and often with a large mediastinal mass [9] . The diagnosis is often straightforward with typical clinical features and numerous blasts in the peripheral blood with a fine chromatin pattern and irregular nuclear contours (Fig. 1A) . Phenotypically, the neoplastic cells express cytoplasmic but not surface CD3; and they frequently co-express CD4 and CD8. The most important and reliable immature cell marker is terminal deoxynucleotidyl transferase (TdT), which could be used either in immunohistochemistry or flow cytometry [11] . The other immature markers are CD1a, CD34 and CD99 [12, 13] . Immunohistochemically, occasional cases of T-LBL may not express TdT, but instead, express CD34 and/or CD99 [14] . The immunophenotype of T-LBL and T-cell acute lymphoblastic leukemia are identical but differ in frequency, with a higher rate of later phases of development (cortical or mature immunophenotype) in T-LBL, which is probably reflecting the higher rate (> 90%) of mediastinal tumors [15] . T-PLL is rare, representing around 2% of mature lymphocytic leukemia in adults over the age of 30 in the West with a median age of 65 [16] . The main disease features are splenomegaly, lymphadenopathy, hepatomegaly, skin lesions, and a high leukocyte count comprising small to medium-sized nucleolated prolymphocytes with cytoplasmic protrusions or blebs but devoid of granules ( Fig. 1B) . Small cell variant with small, less typical cells and an indistinct nucleolus has been recognized in 20% cases [16] . T-PLLs account for less than 1% of T-and NK-cell lymphomas in East Asia. The clinical manifestations and immunophenotype of T-PLL in Japan are similar to those of the Western cases [17] [18] [19] . However, there is a significantly higher frequency of tumor cells in Japanese cases expressing HLA-DR than that of Western cases [17] . Chromosome 14q11 abnormality and trisomy 8q, which are frequently seen in T-PLL of Western countries (70-80%), are not common in Japan [18] . Furthermore, a substantial number of T-PLL cases in Japan shows abnormal expression of TCL1A, probably due to rearrangement of TCL1 gene, which may serve as a useful marker for diagnosing T-PLL [19] . In contrast to the aggressive clinical courses observed in Western T-PLL patients, Kameoka et al. reported that 6 out of 13 Japanese patients experienced an indolent course. Interestingly, the clinical course closely correlated with morphology; 86% cases of typical morphology were aggressive, whereas 83% of small-cell variant were indolent [17] . Studies on more cases are needed to see if Japanese T-PLL constitutes a variant of T-PLL. In East Asia countries other than Japan, there are only scanty reports on T-PLL, either included in a small case series or as a single case report [9, 20] .
T-cell Large Granular Lymphocytic Leukemia (T-LGLL)
Large granular lymphocytes (LGLs) are medium to large-sized lymphocytes with azurophilic cytoplasmic granules that normally comprise 10-15% of the peripheral blood mononuclear cells (PBMCs) and serve as the main effector cells of cell-mediated cytotoxicity. The majority (85%) of these LGLs are NK-cells with the remaining minority being CD8positive cytotoxic T-cells [21] . LGL lymphoproliferation may be reactive or neoplastic; and reactive LGL lymphoproliferation occurs most commonly in patients with viral infection such as cytomegalovirus infection and infectious mononucleosis, autoimmune disease or an underlying malignancy [10, 22] . In the 2008 WHO classification scheme, T-LGLL is defined as a heterogeneous disorder characterized by a persistent (> 6 months) increase in the number of LGL in the peripheral blood, usually between 2-20 x10 9 /L, without a clearly identified cause [23] . In cases with absolute LGL count less than 2 x10 9 /L, the diagnosis of T-LGLL could be established if clonal T-cell lymphoproliferation is confirmed, either by TCR gene rearrangement and/or flow cytometry immunophenotyping (aberrancy in T-cell antigen expression or clonal by flow cytometric TCR-Vβ repertoire analysis) [10, [24] [25] [26] [27] [28] . In most instances, the morphology of the leukemic cells in T-LGLL is indistinguishable from that of the normal LGLs (Fig. 1C) , with the exception of extremely rare examples showing markedly pleomorphic nuclei indicating a neoplastic lymphoproliferation (Fig. 1D) [29] .
A recent study led by Prof. Kwong YL from Hong Kong characterized 22 Chinese T-LGLL patients in his institution in Hong Kong and found that the most important indication for treatment of their patients was anemia, in contrast to neutropenia in Western patients [30] . Compiling their cases with 88 Asian patients in comparison with 272 Western patients identified from the literature, they found that Asian patients had more frequent anemia (66/110, 60% vs. 113/240, 47%; p=0.044), attributable to a much higher incidence of pure red cell aplasia (PRCA; 52/110, 47% vs. 6/143, 4%; p<0.001) [30] . On the other hand, Western patients presented more frequently with neutropenia (146/235, 62% vs. 33/110, 30%; p<0.001) and splenomegaly (99/246, 40% vs. 16/110, 15%; p<0.001) [30] . Notably, Western patients were about eight to ten times more likely than Asian patients to have rheumatoid arthritis (73/272, 27% vs. 4/106, 4%; p<0.001) and recurrent infections (81/272, 30% vs. 3/107, 3%; p<0.001) [30] . They concluded that different disease mechanisms might be involved in T-LGLL in different populations. Table 3 summarizes the laboratory and clinical findings of T-LGLL in Taiwan, Hong Kong and the West. Our very recent study of 17 Taiwanese patients with T-LGLL showed a higher mean hemoglobin level (10.5 vs. 8.1 g/dL) and a lower rate of anemia (8/17, 47% vs. 17/22, 77%; p=0.028) as compared to the Chinese patients in Hong Kong; while the frequency of anemia in our patients was similar to that (113/227, 49.8%) of the Western patients (p= 0.988) [10] . Because anemia was not a major problem in our patients and thus bone marrow aspiration/biopsy was performed only in 8 patients. Even so, our cohort of patients showed a lower rate of PRCA as compared to the Hong Kong series (2/8, 25% vs. 17/22, 68%; p=0.035). Interestingly, in our small series of patients, the frequency of PRCA was higher than that (6/143, 4.2%) of the Western patients (p= 0.010). There were no other statistically significant laboratory and clinical parameters between Taiwanese vs. Hong Kong Chinese or Taiwanese vs. Western T-LGLL patients. More studies from East Asian patients are warranted to see if there is a genuine ethnic difference in patients with T-LGLL, particularly in terms of the frequency of anemia and PRCA.
Apart from arising as de novo neoplasms, T-LGLL may arise after hematopoietic stem cell or solid organ transplantation [31] [32] [33] [34] [35] [36] [37] [38] . Notably, most of the reported cases of T-LGLL after hematopoietic stem cell transplantation are from East Asia. Prof. Kwong's group from Hong Kong recently reported the largest series of 7 such patients who did not have cytopenia, autoimmune phenomenon or organ infiltration, features typical of de novo T-LGLL [39] . Excluding 1 patient died from cerebral relapse of the original lymphoma, the remaining 6 patients had remained asymptomatic with stable LGL counts for long periods not requiring any specific treatment. T-LGLL occurring after hematopoietic stem cell transplantation seems to be distinct from de novo T-LGLL and may have a different pathogenesis and clinical course. In patients with solid organ transplantation clonal T-LGL proliferation seems to be not uncommon. Sabnani et al. found that 71% (10/14) cardiac and 44% (4/9) renal transplant patients had clonal expansion of T-LGL cells but without evidence of either allograft rejection or a viral syndrome. Constitutional symptoms were present in 30% of these patients. Anemia was seen in 75% of renal transplant and 10% of cardiac transplant patients, but none of these patients had significant neutropenia. They believe that this monoclonality is not a true form of post-transplant lymphoproliferative disorder. Constant antigenic stimulus such as a cytomegalovirus reactivation may be the underlying etiology of clonal T-LGL expansion and may contribute to cytopenias and fatigue seen in transplant patients [38] .
Aggressive NK-cell Leukemia (ANKL)
ANKL is a systemic proliferation of NK-cells, almost always associated with Epstein-Bar virus (EBV) and an aggressive clinical course [40] . This catastrophic disease is observed almost exclusively in Asian patients who are usually very ill on presentation, with pyrexia, jaundice, pancytopenia, skin infiltration, lymphadenopathy and hepatosplenomegaly [40, 41] . The most commonly involved sites are peripheral blood, bone marrow, liver and spleen. The leukemic cells may show a wide range of appearance from normal-looking LGL as seen in reactive NK lymphocytosis (Fig. 1E ) to atypical (e.g. irregular nuclear foldings, very large size) or immature (e.g. open chromatin, distinct nucleoli) morphological features ( Fig. 1F ) even in an individual case [42] . The number of neoplastic cells in the peripheral blood and bone marrow can be limited or numerous, from less than 5% to greater than 80% of lymphocytes [42] . Furthermore, there are cases with overlapping features with ENKTL [43, 44] . Accordingly, ANKL has also been called aggressive NK-cell lymphoma/leukemia; however, patients with ANKL are younger and the incidence of skin involvement is significantly lower than ENKTL. It is currently unclear whether ANKL is the leukemic counterpart of ENKTL [40] .
Phenotypically, the leukemic cells of ANKL in a Japanese series of 22 cases were characterized by the expression of CD2, cytoplasmic CD3, CD56 and HLA-DR with frequent expression of CD7 (14/19 cases, 74%), CD8 and CD16. They did not express surface CD3, CD4, CD5 or CD25 [45] . Interestingly, in a Korean series of 20 cases, CD7 antigen loss was detected in 10 patients (50%) [46] . The Korean investigators claimed that, in conjunction with the cytogenetic findings, this characteristic immunophenotypic finding could serve as a reliable marker for the timely diagnosis in 75% of ANKL [46] . However, there were no statistically significant difference in the clinical or laboratory parameters between the CD7+ and the CD7-ANKL patients. To our knowledge, there are only 2 reports of ANKL from Taiwan, and the leukemic cells in 6 of 7 (86%) cases expressed CD7 [47, 48] . No statistically significant difference on CD7 expression was identified between ANKL cases in Taiwan, Japan or Korea (Fishers' exact test).
The great majority of ANKL is associated with EBV--85% (11/13) in a Japanese series, 88% (14/16) in a Korean series and 71% (5/7) compiled from the two reports from Tai-wan [45, [47] [48] [49] . The EBV infection in ANKL is an episomal form, indicating a clonal integration into leukemic cells. Prof. Ko et al. compared the clinicopathological characteristics of EBV-negative ANKL patients with those of EBV-positive ANKL patients in Korea and reviewed the literature for reports on EBV-negative ANKL cases. They found that EBV-negative and EBV-positive ANKL patients had similar clinical and pathological characteristics, but EBV-negative patients had a longer survival than EBVpositive patients (11.5 vs. 1.5 months, respectively). EBV-negative patients achieved complete remission, but tumors often relapsed after a short interval, indicating a less aggressive clinical course than EBV-positive ANKL [49] .
Mature T-and NK/T-cell lymphoma with peripheral blood involvement
The most common T-cell lymphoma with peripheral blood involvement is ATLL and is discussed in the previous chapters. The other T-cell lymphoma with peripheral blood involvement is Sézary syndrome, which is characterized by the triad of erythroderma, generalized lymphadenopathy and the presence of clonally related T-cells with cerebriform nuclei (Sézary cells) in skin, lymph nodes and peripheral blood [50] . Very rarely, PTCL-NOS and ENKTL may progress to bone marrow and peripheral blood involvement, usually in the terminal stage of disease [7, 9] .
Conclusion
In this chapter, we review and analyze various types of T-and NK/T-cell leukemias in the East Asia. Several of these rare neoplasms have not been reported in some East Asian countries yet. Interestingly, there are certain features in some entities, such as T-LGLL, that are distinct from the Western population. More epidemiological, clinicopathological and genetic studies on these rare neoplasms are warranted.
